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remained constant, i.e., the number of amperes for each square foot of cross-section of the furnace was the same as before, the voltage would remain constant; and if the height of the furnace and the distance between the movable electrode and the bottom of the shaft were increased proportionately, the voltage would increase in the same ratio. That is to say, in furnaces of similar shapes, but of different dimensions and for constant current densities, the voltage will be proportional to the linear dimensions, and the current will be proportional to the square of these dimensions. It follows from this, that the voltage is proportional to the square root of the current, and as the size of electric furnaces is increased, the voltage necessary to operate them will also increase; but with far less rapidity than the electrical current which must be supplied. In practice, the voltage will tend to increase less rapidly than the dimensions of the furnace; because in large furnaces the same current density would produce a rather higher temperature, and so would make the charge a better electrical conductor, or smaller current densities could be employed which would need a lower voltage.
The voltage of an ore smelting furnace of the Keller or Hlroult type depends mostly upon the height to which the electrode is raised from the bottom of the furnace, and this can easily be changed during the smelting operation, thus affording a convenient means of regulating the electric current. If the current were supplied to such a furnace at an absolutely constant voltage, any change in the resistance of the furnace would lead to a change in the amount of current, the voltage remaining constant; and in running a furnace under such conditions, the electrode would be lowered to increase the current, and raised to decrease it. In practice, the voltage at the furnace terminals is not absolutely constant, but decreases with an increase of current, on account of the resistance of cables, transformers, etc.; and, in consequence, the volts and amperes supplied to a furnace will usually vary in opposite directions. This refers, of course, to changes in the current produced by changes in the furnace itself; external changes such as a change in the speed of the dynamo supplying the current would reduce or increase both the volts and the amperes. The drop of voltage that accompanies an increase of current is not objectionable in electric smelting, and it serves to some extent as an automatic regulator of the current.1907, p. 52:
